Fibroblast growth factors (FGFs) and their receptors (FGFRs) have been implicated in prostate growth and are overexpressed in benign prostatic hyperplasia (BPH). In this study, we investigated whether single nucleotide polymorphisms (SNPs) of the FGFR genes (FGFR1 and FGFR2) were associated with BPH and its clinical phenotypes in a population of Korean men. We genotyped four SNPs in the exons of FGFR1 and FGFR2 (rs13317 in FGFR1; rs755793, rs1047100, and rs3135831 in FGFR2) using direct sequencing in 218 BPH patients and 213 control subjects. No SNPs of FGFR1 or FGFR2 genes were associated with BPH. However, analysis according to clinical phenotypes showed that rs1047100 of FGFR2 was associated with prostate volume in BPH in the dominant model (GA/AA versus GG, P = 0.010). In addition, a significant association was observed between rs13317 of FGFR1 and international prostate symptom score (IPSS) in the additive (TC versus CC versus TT, P = 0.0022) and dominant models (TC/CC versus TT, P = 0.005). Allele frequency analysis also showed significant association between rs13317 and IPSS (P = 0.005). These results suggested that FGFR genes could be related to progression of BPH.
Introduction
Benign prostatic hyperplasia (BPH) is the most common urological problem associated with aging in men. Onequarter of men in their 50s, one-third in their 60s, and half of men older than 80 have BPH [1] . BPH is characterized by hyperplasia of prostatic stromal and epithelial cells, and it manifests as a severe obstruction in urinary flow with discomfort and pain. The pathogenesis of BPH is not completely understood; however, the most significant risk factors for the development of BPH are androgen level and aging [2] . Growth factors and their receptors, including members of the fibroblast growth factor (FGF) family, insulin-like growth factor (IGF) family, epithelial growth factor (EGF) family, and transforming growth factor (TGFB), which regulate the growth of prostatic stromal and epithelial cells, are also involved in the pathogenesis of BPH [3] [4] [5] .
Genetic strategies have been used over the past few decades to investigate BPH. In particular, studies have shown that polymorphisms of growth factors and their receptor genes are associated with BPH. Indeed, previous studies have reported that a codon 10 polymorphism in TGFB1 was associated with the development of BPH in Japanese [6] and Iranian populations [7] , suggesting the importance of the TGF pathway in the development of prostatic diseases. Mullan et al. [8] reported a significant association of a codon 10 polymorphism in TGFB1 with treatment for BPH, and an association of a CA-repeat polymorphismin EGFR with international prostate symptom score (IPSS) in BPH. Moreover, a CA-repeat polymorphism of 19-allele in IGF1 appears to increase the risk of BPH with a gene dosage effect in the Japanese population [9] . However, despite a widespread consensus on the involvement of growth factors in prostatic growth, attempts to address growth factor gene polymorphisms in patients with BPH have been limited.
FGFs are involved in multiple biological processes such as differentiation, motility, and proliferation and mediate their 870 Disease Markers cellular responses by activating a family of four receptor tyrosine kinases, FGFR1 through FGFR4 [10] . FGFRs are present in various organs. In the human prostate, FGFR1-3 are abundantly expressed in the prostate stroma and/or epithelium [11] [12] [13] [14] , and FGFR4 has relatively low expression in the epithelium [15] . In the prostate, FGFRs play an important role in prostate organogenesis, and perturbations in FGFR expression have been potently implicated in prostatic disease [11] . Previous studies have reported that overexpression of FGFRs is important in the development of BPH [16] [17] [18] . Indeed, FGFR1 was observed to be increased in the stroma of BPH patients compared to that from normal prostates [16, 17] , and increased expression of FGFR2 has been detected in BPH [18] . Furthermore, although no studies have reported changes in expression of FGFR4 in BPH, a genetic study showed a significant association between FGFR4 polymorphisms and BPH in a Japanese population [19] . In light of these findings, we postulated that FGFRs may be involved in the pathogenesis of BPH. In this study, we investigated the genetic associations between BPH and the FGFR genes (FGFR1 and FGFR2) in Korean BPH patients by analyzing single nucleotide polymorphisms (SNPs) of the FGFR genes.
Methods

Subjects.
A total of 233 male patients with BPH (mean age ± standard deviation, 65.77 ± 9.46 years) and 213 male control subjects (mean age, 61.89 ± 8.26 years) were enrolled. All patients with BPH were from Kyung Hee University Hospital between January 2002 and December 2008, and in all patients, lower urinary tract symptoms were quantified using IPSS. Uroflowmetry was performed to measure peak urinary flow rate ( max ) for all patients. Serum prostatespecific antigen (PSA) level was measured in all BPH patients. Patients with serum PSA level more than 4 ng/mL underwent transrectal ultrasound-guided prostate biopsy to rule out prostate cancer. Prostate size was assessed using transrectal ultrasound. Patients with prostate cancer, neurogenic bladder, urinary tract infection, uncontrolled diabetes mellitus, or cardiovascular disease were excluded. The clinical characteristics of BPH patients are summarized in Table 1 . To determine the relationship between polymorphisms of FGFR genes and clinical phenotypes, BPH patients were divided into subgroups according to prostate volume (<30 mL or ≥30 mL), PSA level (<1.5 or ≥1.5 ng/mL), IPSS (<20 or ≥20), and ( max ) (<10 or ≥10 mL/sec) [20, 21] .
Normal healthy controls were recruited from men visiting the hospital for routine health checkups. All healthy control subjects underwent screening and had a normal PSA level (<4.0 ng/mL). They showed no clinical evidence of BPH, neurogenic bladder, urinary tract infection, diabetes mellitus, cardiovascular disease, or any other severe diseases.
Written informed consent was obtained from all patients and control subjects for the use of clinical data and samples, including DNA extracted from peripheral blood. The Institutional Review Board at Kyung Hee University Medical Center approved the protocol for this study. as a covariable. In the logistic regression analysis for each SNP, the models assuming additive inheritance (the risk increased r-fold for subjects with one minor allele and 2r-fold for subjects with two minor alleles), dominant inheritance (subjects with one or two minor alleles had the same relative risk for the disease), or recessive inheritance (subjects with two minor alleles were at increased risk of the disease) were used. To avoid chance findings due to multiple comparison, the Bonferroni correction was applied by lowering significance levels to = 0.05/4 for the 4 SNPs.
Results
All SNPs analyzed in this study were polymorphic, and the genotype distributions of the SNPs were in HWE ( > 0.05). Differences in genotype distributions and allele frequencies for the four SNPs between BPH and control were analyzed. As shown in Table 2 , rs1047100 of FGFR2 was associated with BPH in the additive (GA versus AA versus GG; = 0.024, OR = 1.92, 95% CI = 1.07-3.43) and dominant models (GA/AA versus GG; = 0.034, OR = 1.89, 95% CI = 1.04-3.45). Allele frequency analysis also showed an association between rs1047100 and BPH ( = 0.029, OR = 1.85, 95% CI = 1.06-3.23). However, the statistical significance did not remain after Bonferroni correction.
We further analyzed the associations between SNPs and the clinical phenotypes of BPH (prostate volume, PSA level, IPSS, and max ). In analysis according to small or large prostate volume (<30 or ≥30 mL), we found that rs1047100 of FGFR2 was significantly associated with prostate volume in the additive (GA versus AA versus GG; = 0.016, OR = 0.43, 95% CI = 0.21-0.87) and dominant models (GA/AA versus GG; = 0.010, OR = 0.38, 95% CI = 0.18-0.81) (Table 3) . However, statistical significance was only maintained in the dominant model after Bonferroni correction. The frequency of genotypes containing the A allele was lower in BPH patients with large prostate volume (GA = 9.6%, AA = 0.8%), compared to those with small prostate volume (GA = 21.5%, AA = 0.9%). Although allele frequency analysis also revealed that rs1047100 was associated with prostate volume ( = 0.021, OR = 0.45, 95% CI = 0.23-0.89), this result was not significant after Bonferroni correction.
We also found a significant association between rs13317 of FGFR1 and IPSS in an analysis according to low or high IPSS (<20 or ≥20). As shown in Table 4 In analysis according to other clinical phenotypes (PSA level and max ), we were not able to find any association of polymorphisms in the FGFR genes (data not shown).
Discussion
We examined the association of polymorphisms of FGFR1 and FGFR2 with BPH and its clinical phenotypes in a Korean population. No significant association was detected between polymorphisms of FGFR1 and FGFR2, and BPH. However, in analysis according to clinical phenotypes, we found associations between rs1047100 of FGFR2 and prostate volume and between rs13317 of FGFR1 and IPSS.
BPH is a progressive disease found in many men, and numerous factors, including androgen level and aging, have been linked with the risk of BPH progression [22] [23] [24] . Prostate volume is the most extensively studied risk factor for BPH progression [25, 26] . Indeed, it was reported that men with prostate volume ≥ 30 mL were more likely to suffer moderate-to-severe symptoms (3.5-fold increase), decreased flow rates (2.5-fold increase), and acute urinary retention (3-to 4-fold increase), compared to men with prostate volume < 30 mL [27] . Reduced urinary flow, increased IPSS, and increased PSA have been also suggested as predictors of BPH progression [28] . Clinical study demonstrated that men with prostate volume ≥ 31 mL, PSA ≥ 1.6 ng/mL, or max < 10.6 mL/sec at baseline had a significantly increased risk of overall clinical progression of BPH [29] . Although IPSS and PSA are simple BPH diagnostic factors used in the primary care setting, a previous study showed a high correlation between BPH diagnosed by simple tests (medical history, IPSS, digital rectal examination (DRE), and PSA) and that diagnosed by a full battery of tests including ultrasonographic assessment of residual and prostatic volume, and uroflowmetry [30] . Thus, these factors may also be useful as predictors of BPH progression. In our study, although polymorphisms of FGFR1 and FGFR2 were not associated with PSA level or max in BPH patients, rs1047100 of FGFR2 and rs13317 of FGFR1 were associated with prostate volume and IPSS, respectively. These results indicated that polymorphisms of FGFR1 and FGFR2 may be related to the severity of BPH and implicated in the progression rather than the incidence of BPH. In particular, we found that the frequency of genotype containing the minor allele, A, of rs1047100 in FGFR2 was lower in BPH patients with large prostate volume than in those with small prostate volume. In addition, the frequency of the minor allele, C, of rs13317 in FGFR1 was significantly decreased in BPH patients with high IPSS. These finding indicated that patients with genotypes containing the A allele of rs1047100 or the C allele of rs13317 may be protected from severe progression of BPH. Previous studies reported that FGFRs were abundantly expressed in the normal prostate [11] [12] [13] [14] , and that the expression of FGFR1 and FGFR2 was elevated in prostates of BPH patients [16] [17] [18] . To our knowledge, there are no reports indicating that the expression of FGFR1 or FGFR2 is upregulated or downregulated according to the alleles of rs1047100 and rs13317. However, rs13317 could be involved in regulating expression considering that it is located in the 3 UTR which modifies stability and transport of mRNA as well as translation efficiency [31] , and whose SNPs are well known to increase the efficiency of 3 end processing [32] . In addition, although rs1047100 is synonymous SNP, recent studies reported that synonymous SNPs play an important role in protein activities and specificities without influencing amino acid sequences [33, 34] . Thus, we postulated that FGFR1 and FGFR2 might be overexpressed in BPH but that the expression of FGFR1 and FGFR2 might be relatively low in BPH patients with genotypes containing the A allele of rs1047100 or the C allele of rs13317 compared to BPH patients without those. Furthermore, a previous study showed that rs13317 of FGFR1, which plays a role in wound healing and is a positive regulator of skeletal formation [35] , was associated with delayed bone healing after bone fracture and, in particular, that the frequency of the C allele of rs13317 in FGFR1 was increased in individuals with delayed bone healing compared to those with uneventful healing [36] . However, in that study, no significant associations were observed between FGF polymorphisms and delayed bone healing [36] . Thus, they suggested the possibility that specific alterations in the receptor, despite FGFs functions, may be involved in triggering the pathologic process during fracture healing [36] . Given this report, we also postulated that rs13317 may affect the activity of FGFR1. Thus, FGFR1 activity may be relatively decreased in BPH patients with the C allele of rs13317, resulting in lower and slower progression of BPH in those individuals. Further studies are needed to determine how FGFR1 and FGFR2 polymorphisms affect their expression and/or activity in BPH progression.
The major limitation of our study was the small sample size used for comparison within BPH subgroups. However, this is the first genetic study on the relationship between SNPs of FGFR1 and FGFR2, and BPH. Our results revealed associations between FGFR1 and FGFR2, and the clinical phenotypes of BPH. Further studies with a larger sample sizes are needed to validate our results.
Conclusions
In conclusion, we found that polymorphisms of FGFR1 and FGFR2 were not associated with BPH. However, clinical analysis revealed that a FGFR2 polymorphism was associated with
